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Since the 1990s, it has been well known that many adverse
ffects on hemodynamics are induced by ventricular dyssynchrony
1] and that it is related to prognosis in patients with congestive
eart failure [2].  Cardiac resynchronization therapy (CRT) is an
ncouraging treatment for patients with congestive heart failure,
specially for those showing wide QRS and ventricular dyssyn-
hrony. Several clinical trials, such as MIRACLE trial, COMPANION
rial, and Care-HF trial [3] demonstrated that CRT improves prog-
osis in patients with congestive heart failure. Therefore, the signif-
cance of evaluation of ventricular dyssynchrony in patients with
ongestive heart failure is widely recognized in clinical settings.
valuation of ventricular dyssynchrony
Many echocardiographic parameters have been proposed to
redict responders to CRT, such as septal ﬂash, septal-posterior
all motion delay by M mode, and the differences and its standard
eviation of time to peak systolic velocity of each segment
f the left ventricle by tissue Doppler imaging. The PROSPECT
tudy [4] was designed to deﬁne echocardiographic parameters to
able 1
eview of previous literature about dynamic dyssynchrony.
Authors/year No. of patients Underlying heart disease Stress Evaluation of dyssynchrony
Lancellotti et al., 2005 [9] 35 ICM Exercise TDI
Laﬁtte  et al., 2006 [10] 65 ICM+DCM Exercise TDI
D’Andrea et al., 2007 [11] 60 DCM Exercise TDI
Kang  et al., 2008 [12] 41 DCM Exercise TDI
Rocchi  et al., 2009 [7] 64 ICM+DCM Exercise TDI
Izumo  et al., 2009 [14] 50 ICM+DCM Exercise 3D-echo
predict a beneﬁcial effect of CRT, but no single echocardiographic
parameter of dyssynchrony could improve patient selection for CRT
beyond QRS width. Various potential causes related to the disap-
pointing results of the PROSPECT study were suggested, such as
patient selection, low detection rate, and low inter-observer repro-
ducibility of echocardiographic parameters and variability of lead
position. As well as these factors, evaluation only at rest is also
a big issue in evaluation of ventricular dyssynchrony because it
may  vary depending on the conditions. In other words, ventricu-
lar dyssynchrony is a dynamic phenomenon [5].  Therefore, exercise
and dobutamine stress echocardiography may emerge as new tools
for predicting the effects of CRT [6–8].
Dynamic ventricular dyssynchrony assessed by stress
echocardiography
It has been reported that various conditions such as exercise,
drug administration, and ischemia may  inﬂuence the presence and
degree of ventricular dyssnchrony.
Lancellotti et al. [9] were the ﬁrst to show the dynamic charac-
teristics in ventricular dyssynchrony (Table 1). They demonstrated
using exercise stress echocardiography that dynamic changes
of ventricular dyssynchrony varied substantially from patient to
patient. Laﬁtte et al. [10] demonstrated that ventricular dyssyn-
chrony was  increased in 34%, remained stable in 37%, and decreased
in 29% of the patients with congestive heart failure during exer-
cise. It has been reported that dynamic changes in ventricular
dyssynchrony during exercise inﬂuenced dynamic mitral regurgi-
tation, cardiac output, and exercise tolerance [9–11]. Kang et al. [12]
showed that dynamic dyssynchrony may  be a predictor for reversalChattopadhyay et al., 2008 [13] 77 ICM+DCM 
Parsai  et al., 2009 [8] 52 ICM+DCM 
Yagishita-Tagawa et al. [15] 33 DCM 
CM, ischemic cardiomyopathy; DCM, idiopathic dilated cardiomyopathy; TDI, tissue Dop
DOI of original article: http://dx.doi.org/10.1016/j.jjcc.2012.12.012.
914-5087  © 2013 Published by Elsevier Ltd on behalf of Japanese College of Cardiology.
ttp://dx.doi.org/10.1016/j.jjcc.2013.02.003Dobutamine TDI
Dobutamine M-mode (septal ﬂash)
Dobutamine 3D-echo
pler image; 3D-echo, three-dimensional echocardiography.
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emodeling with medical treatment for patients with dilated car-
iomyopathy.
As well as exercise stress echocardiography, dobutamine stress
chocardiography has also been used to evaluate dynamic changes
n ventricular dyssynchrony [8,13].  Low-dose dobutamine stress
chocardiography unmasks ventricular dyssynchrony, which can
redict negative remodeling after CRT [8].
Dynamic dyssynchrony with stress echocardiography was eval-
ated by tissue Doppler imaging in most previous papers [7,9–13].
zumo et al. [14] evaluated exercise-induced changes in the
eft ventricular shape and dyssynchrony using three-dimensional
chocardiography. The left ventricular geometry and function,
ncluding dyssynchrony, is three dimensional. Three-dimensional
chocardiography is an ideal method to evaluate ventricular
yssynchrony in that meaning if time and spatial resolution of this
ethod improves.
The study by Yagishita-Tagawa et al. [15] evaluated dynamic
entricular dyssynchrony during dobutamine stress echocardiog-
aphy in patients with idiopathic dilated cardiomyopathy, using
hree-dimensional echocardiography. The positive inotropic agent,
obutamine is sometimes needed for decompensated status of
eart failure in patients with low ejection fraction. However, the
ffectiveness of dobutamine on systolic performance varies from
atient to patient in clinical settings. The authors evaluated global
Fig. 1. Evaluation of dyssynchrony by thrgy 61 (2013) 309–311
left ventricular stroke volume, sum of regional left ventricular
stroke volume, and dyssynchrony index using three-dimensional
echocardiography. Three-dimensional echocardiography makes it
possible to simultaneously measure global and regional volumet-
ric changes (Fig. 1). The discrepancy between increase in global
left ventricular stroke volume and increase in sum of regional left
ventricular stroke volume is a key point of this paper, which may
result from dynamic dyssynchrony. Left ventricular dyssynchrony
induced by dobutamine, as was shown in this paper, may  be a
cause of differences in effectiveness of dobutamine among patients.
We should evaluate stroke volume, left ventricular geometry, and
ventricular dyssynchrony after starting dobutamine, considering
the possibility of adverse effects of dobutamine on left ventricular
performance.
Conclusions
Ventricular dyssynchrony is not a stable status but a dynamic
phenomenon. Evaluation of cardiac performance with stress
echocardiography, including dynamic dyssynchrony, gives us
additional information about pathophysiology, response to drug
administration and prediction of prognosis in patients with con-
gestive heart failure.
ee-dimensional echocardiography.
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